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Introduction: Lung cancer incidence is associated with markers of 
lower socioeconomic status (SES) in whites, blacks, and Asians but 
with markers of higher SES in Hispanics. The magnitude and eti-
ology of this positive gradient in Hispanics remain undefined. We 
examined non–small-cell lung cancer (NSCLC) incidence and ever-
smoking rates among California Hispanics according to measures 
of SES.
Methods: We computed neighborhood (n)SES-specific incidence 
rates by sex and race or ethnicity for 74,179 NSCLC cases in the 
California Cancer Registry, 1998–2002. Associations between nSES 
and NSCLC incidence were examined, using incidence rate ratios 
and linear trend tests, and stratified by age, stage, and histology. 
Ever-smoking rates among Hispanics were obtained from California 
Health Interview Survey 2001 data, and odds ratios for ever-smoking 
were calculated for measures of SES and acculturation.
Results: Compared with the lowest nSES quintile, the NSCLC inci-
dence in the highest quintile was 1.86 and 1.18 times higher for 
Hispanic women and men, respectively. The positive nSES gradi-
ents remained significant for all ages, stages, and nonsquamous his-
tologies in women, and only for older age, local or regional stages, 
and adenocarcinoma histology in men. Ever-smoking rates were 
associated with English-speaking households and U.S.-born status 
for Hispanic women and low education and U.S.-born status for 
Hispanic men.
Conclusions: For California Hispanics, higher nSES was strongly 
associated with increased NSCLC incidence in women, but weakly 
associated in men, and ever-smoking rates were strongly correlated 
with increased acculturation. This finding may portend an increasing 
burden of NSCLC in Hispanic women, given future trends in accul-
turation and SES.
Key Words: Non–small-cell lung cancer, Incidence, Socioeconomic 
status, Hispanic Americans, Race and ethnicity.
(J Thorac Oncol. 2013;8: 287-294)
Lung cancer is the leading cause of cancer mortality and second leading cause of cancer incidence in the United 
States.1 Studies have reported an increased risk of lung cancer 
among individuals with markers of lower socioeconomic sta-
tus (SES), for example, education, occupation, and income.2 
The cause of this inverse relationship is thought to be mul-
tifactorial, including socioeconomic differences in tobacco 
use, smoking cessation rates, dietary or lifestyle habits, and 
environmental or occupational exposures.3–7 SES variables 
can be measured at different levels: individual, household, and 
neighborhood.8 Lower individual-level SES has been shown 
to be associated with increased lung cancer incidence,2 with 
lower educational attainment having the strongest impact.9 
Most U.S. cancer registries, however, do not routinely collect 
individual-level SES data because such data are not reported 
in patient hospital records.8 Instead, public health researchers 
collect aggregate-level census data to analyze SES dispari-
ties.10 Yost et al.11 have developed a multidimensional measure 
of SES at the neighborhood level, which has been previously 
used to show substantial socioeconomic gradients in the inci-
dence of various cancers.11–13
When the impact of neighborhood-level SES (nSES) on 
lung cancer incidence is examined by race or ethnicity, dis-
tinct patterns emerge. Among California whites, blacks, and 
Asians, there is an inverse nSES gradient, with increasing lung 
cancer incidence associated with lower nSES.8,10 In contrast, 
incidence rates are higher among Hispanics from higher SES 
neighborhoods.8,10 The etiology of this positive nSES gradient 
in lung cancer incidence among Hispanics remains unclear. 
The positive association between acculturation and smoking 
has been hypothesized as a possible link between higher lung 
cancer incidence and higher nSES in Hispanics.10
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Despite the fact that Hispanics have lower lung cancer 
incidence rates than whites and blacks do,14 understanding 
which Hispanic subgroups have the highest lung cancer 
incidence is important because they are the nation’s fastest 
growing ethnic minority group15 and their burden of lung 
cancer is substantial.16 To further characterize the association 
between nSES and lung cancer incidence among Hispanics, 
we specifically examined nSES-specific incidence rates for 
non–small-cell lung cancer (NSCLC), the majority of lung 
cancer cases, and stratified each group by age at diagnosis, 
stage at presentation, and histology. Because individual-level 
smoking history is not collected by the cancer registry, we 
also explored population-based smoking prevalence among 
California Hispanics by measures of individual-level SES and 
acculturation, to inform the observed patterns.
MATERIALS AND METHODS
Study Cohort
From the California Cancer Registry (CCR), we obtained 
information regarding all California residents who were newly 
diagnosed with primary invasive NSCLC (International 
Classification of Diseases for Oncology, 3rd edition (ICD-
O-3) site codes C34.0-C34.3, C34.8-C34.9)17 from January 
1, 1998, through December 31, 2002. The pericensal period 
1998–2002 was chosen because of the availability of appro-
priate population denominators from 2000 U.S. Census data. 
We limited our analyses to 74,179 NSCLC cases, comprising 
the following histologic subtypes: adenocarcinoma, bronchio-
loalveolar, squamous cell, large-cell, adenosquamous, sar-
comatoid carcinoma, and carcinoma not otherwise specified 
(NOS).
Study Variables
We obtained demographic and tumor information from 
the CCR routinely abstracted from medical records for each 
case. Race or ethnicity was classified into four mutually exclu-
sive groups: Hispanic, non-Hispanic white, non-Hispanic 
black, and non-Hispanic Asian or Pacific Islander (hereafter 
referred to as white, black, and Asian/PI). Because Hispanic 
ethnicity is underreported in medical records,18 the CCR fur-
ther classified Hispanic ethnicity using an algorithm19 based 
on surname, maiden name, and birthplace.
The CCR does not collect individual patient-level SES 
characteristics. Therefore, we used a census tract-level mea-
sure of nSES to reflect area-based influences of SES. The 
census tract, which contains an average of 4000 residents, is 
the smallest geographic unit with both SES information and 
detailed race-specific population counts needed for incidence 
rate calculation available in the CCR. Instead of relying on a 
single measure of nSES, we used a multifactorial socioeco-
nomic index developed by Yost et al.11 This index was cre-
ated from seven census indicator variables of SES (education 
index, median household income, percent living 200% below 
poverty level, percent blue-collar workers, percent older than 
16 years in workforce without job, median rent, and median 
house value). We assigned a standardized index score to each 
Census 2000 tract in California and ranked them into quintiles 
(1 = lowest, 5 = highest). Each NSCLC case was then geo-
coded to a census tract based on residence at diagnosis and 
assigned the corresponding nSES quintile. When residence at 
diagnosis could not be precisely geocoded to a census tract 
(n = 3264, 6.9%), cases were randomly allocated to a cen-
sus tract within their county of residence. Cases requiring 
random allocation did not differ significantly with respect to 
demographic characteristics from those with known geocod-
ing. For NSCLC incidence rate denominators, we obtained 
population counts at the census-tract level by sex, race or 
ethnicity, and 5-year age group from the 2000 U.S. Census 
Summary File 3.
Statistical Analysis
We used SEERStat version 6.6.2 (National Cancer 
Institute, Bethesda, MD) to compute age-adjusted (standard-
ized to the 2000 U.S. standard million population) NSCLC 
incidence rates and 95% confidence intervals by sex, race or 
ethnicity, and nSES quintiles. To further explore the influ-
ence of nSES on NSCLC incidence rates among Hispanics, 
we stratified the analyses by age at diagnosis (≤ 54, 55–64, 
65–74, ≥ 75 years), stage at presentation (Surveillance 
Epidemiology and End Results [SEER] summary stage 
localized, regional, distant), and histology (adenocarci-
noma, squamous cell carcinoma, other non–small-cell vari-
ants, carcinoma NOS). To compare incidence rates across 
nSES quintiles, incidence rate ratios (IRR) were calculated 
with reference to the lowest nSES quintile. Linear trends in 
incidence rates across the nSES quintiles were tested, using 
weighted linear regression. All tests of statistical signifi-
cance were two-sided with a p value of 0.05.
Population-Based Smoking Prevalence
Data on smoking prevalence were obtained from the 
2001 California Health Interview Survey (CHIS),20 the 
nation’s largest state health survey. The CHIS, a random digit 
dialing telephone survey, collected demographic and health 
information from California households between November 
2000 and October 2001. A randomly selected adult in each 
sampled household was interviewed with a 63.7% interview 
completion rate for all races or ethnicities combined. The 
CHIS study population included 4922 Hispanic men and 6894 
Hispanic women aged 18 years and older, with known self-
reported cigarette-smoking history, excluding 11 Hispanic 
men and 13 Hispanic women with missing smoking informa-
tion. We determined the prevalence of ever-smoking, defined 
as having smoked at least 100 lifetime-cigarettes. given the 
long lag time between smoking and lung cancer incidence, 
we chose ever-smoking rates, which include both current and 
former smokers, to better approximate previous tobacco use. 
Predictors included age (≤ 29, 30–39, 40–49, ≥ 50 years), 
education (< high school, > high school), household income 
(< 100% of the federal poverty level, > 100%), household 
language (English, non-English language), and country of 
birth (U.S.-born or foreign-born). Multilingual households 
that included English were grouped with English-speaking 
households. We used logistic regression modeling to assess 
the independent associations between these predictors with 
289Copyright © 2013 by the International Association for the Study of Lung Cancer
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the risk of ever-smoking. To adjust for the complex survey 
design of CHIS, analyses of CHIS data were weighted to 2001 
California population estimates.21,22
This secondary data analysis was approved by the 
Institutional Review Board of the Cancer Prevention Institute 
of California, and exempted from Community on Human 
Research review at Univeristy of California, San Francisco 
and San Francisco Veteran Affairs Medical Center as only 
de-identified information was obtained and reviewed.
RESULTS
NSCLC Incidence
From 1998 to 2002, 34,053 women and 40,126 men 
were diagnosed with incident NSCLC in California, which 
included 2757 Hispanic women and 3424 Hispanic men. 
Table 1 shows cohort characteristics stratified by sex and race 
or ethnicity. Among Hispanics and blacks, women in the low-
est nSES quintile comprised 28.2% and 34.7% of the cases, 
respectively, compared with only 10.2% for white women. 
Fewer Hispanic women (14.8%) presented with localized dis-
ease compared with white women (19.4%). Similar patterns 
were observed among men.
Overall age-adjusted NSCLC incidence rates among 
women were highest for whites (49.1 per 100,000 person-
years) and blacks (48.2 per 100,000 person-years) and 
lowest for Hispanics (23.2 per 100,000 person-years) as 
presented in Table 2. Among men, overall rates were highest 
for blacks (97.8 per 100,000 person-years) and lowest for 
Hispanics (40.1 per 100,000 person-years). NSCLC inci-
dence rates were inversely associated with nSES for white 
women (highest nSES quintile IRR 0.63), white men (high-
est nSES quintile IRR 0.46), black men (highest nSES quin-
tile IRR 0.74), and Asian or PI men (highest nSES quintile 
TABLE 1.  Characteristics of Incident Non–Small-Cell Lung Cancer Cases by Race or Ethnicity, California, 1998–2002 
Women Men
All Womena  
(n = 34,053)
Hispanic  
(n = 2757)
White  
(n = 26,743)
Black  
(n = 2189)
Asian/PI  
(n = 2238)
All Mena  
(n = 40,126)
Hispanic  
(n = 3424)
White  
(n = 29,833)
Black  
(n = 3284)
Asian/PI  
(n = 3421)
Characteristic No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Age at diagnosis, yrs
 < 54 3285 (9.6) 434 (15.7) 2107 (7.9) 374 (17.1) 352 (15.7) 3935 (9.8) 437 (12.8) 2504 (8.4) 560 (17.1) 414 (12.1)
 55–64 6285 (18.5) 552 (20.0) 4763 (17.8) 541 (24.7) 394 (17.6) 7976 (19.9) 647 (18.9) 5737 (19.2) 892 (27.2) 660 (19.3)
 65–74 10,856 (31.9) 874 (31.7) 8536 (31.9) 698 (31.9) 717 (32.0) 13,646 (34.0) 1187 (34.7) 10,223 (34.3) 1043 (31.8) 1141 (33.4)
 > 75 13,627 (40.0) 897 (32.5) 11,337 (42.4) 576 (26.3) 775 (34.6) 14,569 (36.3) 1153 (33.7) 11,369 (38.1) 789 (24.0) 1206 (35.3)
nSES quintile
 1 (lowest) 4571 (13.4) 778 (28.2) 2715 (10.2) 760 (34.7) 300 (13.4) 6527 (16.3) 1209 (35.3) 3512 (11.8) 1213 (36.9) 565 (16.5)
 2 7010 (20.6) 678 (24.6) 5250 (19.6) 601 (27.5) 445 (19.9) 8628 (21.5) 863 (25.2) 6142 (20.6) 879 (26.8) 698 (20.4)
 3 7787 (22.9) 561 (20.3) 6288 (23.5) 442 (20.2) 464 (20.7) 9241 (23.0) 636 (18.6) 7232 (24.2) 600 (18.3) 731 (21.4)
 4 7535 (22.1) 424 (15.4) 6339 (23.7) 258 (11.8) 494 (22.1) 8470 (21.1) 453 (13.2) 6824 (22.9) 404 (12.3) 760 (22.2)
 5 (highest) 7150 (21.0) 316 (11.5) 6151 (23.0) 128 (5.8) 535 (23.9) 7260 (18.1) 263 (7.7) 6123 (20.5) 188 (5.7) 667 (19.5)
Tumor histology
 Adenocarcinomab 14,786 (43.4) 1262 (45.8) 11,346 (42.4) 863 (39.4) 1273 (56.9) 14,428 (36.0) 1326 (38.7) 10,547 (35.4) 1139 (34.7) 1363 (39.8)
 Squamous cell 
carcinoma
5605 (16.5) 466 (16.9) 4435 (16.6) 448 (20.5) 229 (10.2) 9714 (24.2) 784 (22.9) 7263 (24.3) 882 (26.9) 743 (21.7)
 Other NSC 
variantsc
2248 (6.6) 205 (7.4) 1728 (6.5) 171 (7.8) 138 (6.2) 2847 (7.1) 258 (7.5) 2089 (7.0) 238 (7.2) 256 (7.5)
 Carcinoma NOS 11,414 (33.5) 824 (29.9) 9234 (34.5) 707 (32.3) 598 (26.7) 13,137 (32.7) 1056 (30.8) 9934 (33.3) 1025 (31.2) 1059 (31.0)
Stage at presentation
 Localized 6314 (18.5) 408 (14.8) 5185 (19.4) 372 (17.0) 324 (14.5) 6309 (15.7) 420 (12.3) 4938 (16.6) 450 (13.7) 479 (14.0)
 Regional 6611 (19.4) 479 (17.4) 5346 (20.0) 404 (18.5) 359 (16.0) 8101 (20.2) 630 (18.4) 6160 (20.6) 624 (19.0) 661 (19.3)
 Distant 17,035 (50.0) 1571 (57.0) 12,836 (48.0) 1199 (54.8) 1373 (61.3) 21,337 (53.2) 2015 (58.8) 15,364 (51.5) 1890 (57.6) 1983 (58.0)
 Unstaged 4093 (12.0) 299 (10.8) 3376 (12.6) 214 (9.8) 182 (8.1) 4379 (10.9) 359 (10.5) 3371 (11.3) 320 (9.7) 298 (8.7)
 Married at 
diagnosis
 Yes 13,393 (39.3) 1136 (41.2) 10,536 (39.4) 531 (24.3) 1148 (51.3) 25,809 (64.3) 2232 (65.2) 19,252 (64.5) 1553 (47.3) 2694 (78.7)
 No 19,816 (58.2) 1543 (56.0) 15,595 (58.3) 1573 (71.9) 1042 (46.6) 13,399 (33.4) 1105 (32.3) 9956 (33.4) 1620 (49.3) 653 (19.1)
 Unknown 844 (2.5) 78 (2.8) 612 (2.3) 85 (3.9) 48 (2.1) 918 (2.3) 87 (2.5) 625 (2.1) 111 (3.4) 74 (2.2)
aIncludes white, black, Hispanic, Asian/PI, other race/ethnicity, and unknown.
bAdenocarcinoma includes bronchioloalveolar carcinoma.
cOther NSC variants includes adenosquamous, large-cell carcinoma, large-cell neuroendocrine carcinoma, and sarcomatoid carcinoma.
nSES, neighborhood socioeconomic status; NSC, non–small-cell; NOS, not otherwise specified; PI, Pacific Islander.
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TABLE 2.  Non–Small-Cell Lung Cancer Incidence Rates,a Incidence Rate Ratios, and 95% Confidence Interval by Race 
or Ethnicity, and Neighborhood Socioeconomic Status, Stratified by Sex, California, 1998–2002 
Race/ 
Ethnicity
nSES
Quintile
Women Men
n Rate RR (95% CI) n Rate RR (95% CI)
Allb All quintiles 34,053 41.7 p
trend
 = 0.974 40,126 63.9 p
trend
 = 0.018
1 (lowest) 4571 39.8 1.00 6527 74.9 1.00
2 7010 43.7 1.10 (1.06–1.14)c 8628 70.9 0.95 (0.92–0.98)c 
3 7787 43.6 1.09 (1.05–1.14)c 9241 68.4 0.91 (0.89–0.94)c 
4 7535 41.2 1.03 (1.00–1.07) 8470 61.2 0.82 (0.79–0.84)c 
5 (highest) 7150 40.1 1.01 (0.97–1.04) 7260 50.4 0.67 (0.65–0.70)c 
Hispanic All quintiles 2757 23.2 p
trend
 = 0.001 3424 40.1 p
trend
 = 0.003
1 (lowest) 778 18.5 1.00 1209 37.5 1.00
2 678 22.6 1.22 (1.10–1.36)c 863 39.7 1.06 (0.96–1.16)
3 561 25.3 1.37 (1.22–1.53 )c 636 41.5 1.10 (0.99–1.23)
4 424 28.6 1.55 (1.37–1.75)c 453 44.5 1.19 (1.05–1.33)c 
5 (highest) 316 34.4 1.86 (1.62–2.13)c 263 44.3 1.18 (1.02–1.36)c 
White All quintiles 26,743 49.1 p
trend
 = 0.011 29,833 69.8 p
trend
 = 0.002
1 (lowest) 2715 68.0 1.00 3512 113.1 1.00
2 5250 55.4 0.81 (0.78–0.85)c 6142 83.7 0.74 (0.71–0.77)c 
3 6288 49.9 0.73 (0.70–0.77)c 7232 74.8 0.66 (0.63–0.69)c 
4 6339 45.9 0.67 (0.64–0.71)c 6824 64.5 0.57 (0.55–0.59)c
5 (highest) 6151 42.8 0.63 (0.60–0.66)c 6123 51.8 0.46 (0.44–0.48)c 
Black All quintiles 2189 48.2 p
trend
 = 0.251 3284 97.8 p
trend
 = 0.006
1 (lowest) 760 50.2 1.00 1213 111.1 1.00
2 601 49.1 0.98 (0.88–1.09) 879 100.2 0.90 (0.82–0.99)c
3 442 50.9 1.02 (0.90–1.14) 600 94.1 0.85 (0.76–0.94)c 
4 258 41.3 0.82 (0.71–0.95)c 404 83.8 0.75 (0.67–0.85)c
5 (highest) 128 47.2 0.94 (0.77–1.14) 188 82.2 0.74 (0.62–0.88)c 
Asian/PI All quintiles 2238 26.9 p
trend
 = 0.195 3421 54.1 p
trend
 = 0.064
1 (lowest) 300 27.9 1.00 565 65.3 1.00
2 445 28.0 1.01 (0.87–1.17) 698 56.2 0.86 (0.77–0.96)c 
3 464 27.9 1.00 (0.86–1.16) 731 58.3 0.89 (0.80–1.00)
4 494 25.5 0.91 (0.79–1.06) 760 53.4 0.82 (0.73–0.92)c 
5 (highest) 535 26.1 0.94 (0.81–1.08) 667 44.0 0.67 (0.60–0.76)c 
aIncidence rates are per 100,000 person-years, age-adjusted to the 2000 U.S. standard population.
bIncludes Hispanic, white, black, Asian/PI, other race/ethnicity, and unknown.
c Statistically significant IRR (p < 0.05).
IRR, incidence rate ratio; nSES, neighborhood socioeconomic status; CI, confidence interval; PI, Pacific Islander.
IRR 0.67). The largest inverse nSES gradient was observed 
among white men with a 2.17-fold increased risk in the low-
est nSES quintile compared with the highest. No relation-
ship between nSES and NSCLC incidence was found for 
black women or Asian or PI women.
For Hispanic women, however, the relationship between 
NSCLC rates and nSES was reversed (i.e., a positive nSES gra-
dient). The incidence rate among Hispanic women in the high-
est nSES quintile was 1.86 times higher compared with that of 
the lowest. This positive nSES gradient persisted for Hispanic 
women even when rates were stratified by age (Table 3) 
and stage at presentation (data not shown). When stratified 
by histology, significantly increased IRRs were present for 
Hispanic women with adenocarcinoma and carcinoma NOS 
(data not shown). Statistically significant linear trends (p trend 
< 0.05) were observed in all age groups, except the youngest 
(Table 3), and all stages and histologies, except squamous cell 
carcinoma (data not shown).
For Hispanic men, a positive nSES gradient was also 
present overall, though the magnitude of the effect was 
smaller compared with Hispanic women. Hispanic men 
of the highest nSES quintile had a significant 1.18-fold 
increased risk of NCSLC compared with Hispanic men of the 
lowest quintile. When rates were stratified by age (Table 3), 
NSCLC stage, and NSCLC histology (data not shown), the 
positive nSES gradient in NSCLC incidence only persisted 
for some subgroups. The positive nSES gradient was lim-
ited to the two older age groups (p trend 0.002 for 65–74 
years; p trend < 0.001 for > 75 years), but no significant 
IRRs were observed in any of the four age groups (Table 3). 
Both increased IRRs and positive linear trends were found 
with increasing levels of nSES among Hispanic men only 
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for local disease, regional disease, and adenocarcinoma 
subgroups (data not shown).
Recent Smoking Prevalence 
among California Hispanics
Overall, 20.8% of Hispanic women and 44.9% of 
Hispanic men were ever-smokers in 2001 (Table 4). Age 
was the strongest predictor of self-reported ever-smoking for 
both Hispanic women and men in univariate and multivari-
ate analyses. Women with higher education, living in higher-
income or English-speaking households, or born in the United 
States were more likely to be ever-smokers. Education and 
household income were no longer significant predictors after 
adjustment for other predictors (Table 4). Multivariate analy-
sis also showed that U.S.-born Hispanic men were more likely 
to smoke compared with foreign-born men. However, for 
Hispanic men, higher education was associated with reduced 
prevalence of ever-smoking (Table 4).
DISCUSSION
In this study of NSCLC incidence rates in California, 
we confirmed that nSES gradients vary substantially in mag-
nitude and direction by sex and race or ethnicity, as previously 
described.8,10 We expanded on previous studies, by examining 
the Hispanic cases in detail, which revealed two key patterns: 
(1) a positive nSES gradient was seen among Hispanic women 
and was supported by CHIS smoking prevalence data, and (2) 
the positive nSES gradient seen among Hispanic men was 
weaker because of mixed associations.
In contrast to the inverse nSES gradient observed among 
white men and women, black men, and Asians or PI men, a 
positive nSES gradient for NSCLC incidence was observed 
among Hispanic women. This gradient was consistently pres-
ent in all age, stage, and nonsquamous histology subgroups. 
The etiology of this positive nSES association is unclear, but 
our California smoking prevalence analysis suggests that the 
relationship between SES and acculturation very likely plays 
an important role. In our univariate analysis, Hispanic women, 
born in the United States, to English-speaking, higher educa-
tion, and higher income households had higher rates of ever-
smoking. Our multivariate analysis, however, revealed that 
only U.S. birth and English language (measures of accultura-
tion), not education and income (measures of SES), remained 
independent predictors of ever-smoking. Similarly, a study of 
U.S. National Health Interview Survey data found that U.S.-
born Hispanic women are more likely to smoke than foreign-
born, and that education and income were no longer significant 
predictors of current smoking, after adjusting for nativity and 
length of time as U.S resident.23 California Tobacco Survey 
data have also shown a consistent association between smok-
ing prevalence and English language use among Hispanic 
women over time.24 Because nativity and household language 
are common proxy measures of acculturation,23,25–27 accultura-
tion rather than nSES may be a stronger predictor of increased 
NSCLC incidence rates among Hispanic women. The direct 
link between acculturation and NSCLC incidence rates has 
not yet been studied because measures of acculturation, such 
as nativity, are not readily available in cancer registries.
The close relationship between acculturation and SES 
is complex. For example, U.S.-born Hispanics in California 
are more likely to have a high-school education and higher 
annual income than foreign-born Hispanics are.28 Because 
80% of foreign-born Hispanics in California are of Mexican 
origin,28,29 the cultural norms of Mexican women also are 
likely to influence the smoking habits of California Hispanic 
TABLE 3.  Non–Small-Cell Lung Cancer Incidence Rates,a Incidence Rate Ratios and 95% Confidence Interval among 
Hispanics by Neighborhood Socioeconomic Status, Stratified by Age at Diagnosis, California, 1998–2002. 
Age at Diagnosis
nSES
Quintile
< 54 yrs 55–64 yrs 65–74 yrs > 75 yrs
n Rate IRR (95% CI) n Rate IRR (95% CI) n Rate IRR (95% CI) n Rate IRR (95% CI)
Hispanic 
Women
All quintiles 434 3.0 p
trend
 = 0.085 552 43.9 p
trend
 = 0.007 874 105.6 p
trend
 = 0.001 897 167.2 p
trend
 = 0.001
1 (lowest) 133 2.5 1.00 143 31.6 1.00 240 80.6 1.00 262 140.4 1.00
2 112 3.1 1.26 (0.97–1.64) 129 40.5 1.28 (1.00–1.64)b 211 98.6 1.22 (1.01–1.48)b 226 166.9 1.19 (0.99–1.43)
3 85 3.3 1.34 (1.01–1.77)b 124 54.2 1.72 (1.34–2.20)b 182 119.2 1.48 (1.21–1.80)b 170 166.7 1.19 (0.97–1.45)
4 52 2.9 1.19 (0.85–1.65) 95 60.9 1.93 (1.47–2.51)b 136 132.0 1.64 (1.32–2.03)b 141 202.7 1.44 (1.17–1.78)b 
5 (highest) 52 4.6 1.89 (1.34–2.62)b 61 60.3 1.91 (1.39–2.59)b 105 173.4 2.15 (1.69–2.72)b 98 232.9 1.66 (1.30–2.10)b 
Hispanic 
Men
All quintiles 437 3.1 p
trend
 = 0.066 647 59.5 p
trend
 = 0.743 1,187 186.8 p
trend
 = 0.002 1,153 334.1 p
trend
 < 0.001
1 (lowest) 160 2.8 1.00 239 57.7 1.00 411 175.31 1.00 399 310.8 1.00
2 111 3.2 1.17 (0.91–1.51) 150 55.4 0.96 (0.78–1.18) 306 185.94 1.06 (0.91–1.23) 296 331.8 1.07 (0.91–1.25)
3 71 3.0 1.08 (0.80–1.45) 124 64.7 1.12 (0.89–1.40) 221 192.58 1.10 (0.93–1.30) 220 343.7 1.11 (0.93–1.31)
4 60 3.7 1.35 (0.98–1.83) 92 70.8 1.23 (0.95–1.57) 154 198.49 1.13 (0.93–1.37) 147 369.3 1.19 (0.97–1.44)
5 (highest) 35 3.6 1.32 (0.88–1.91) 42 51.1 0.89 (0.62–1.23) 95 214.66 1.22 (0.97–1.54) 91
aIncidence rates are per 100,000 person-years, age-adjusted to the 2000 U.S. standard population.
bStatistically significant IRR (p < 0.05).
IRR, incidence rate ratio; nSES, neighborhood socioeconomic status; CI, confidence interval.
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women. The 2000 Mexican National Health Survey found that 
women in Mexico with higher education and household assets 
were more likely to be current smokers,30 regarding tobacco 
use as a symbol of higher social standing and wealth.31 The 
positive nSES gradient in NSCLC incidence rates seen among 
California’s Hispanic women may be a result of this enduring 
perception.
For Hispanic men, the positive association of nSES gra-
dient with NSCLC incidence was weaker. There are several 
possible explanations for this observation. The associations 
between different measures of individual-level SES and smok-
ing rates for Hispanic men have been shown to be mixed and 
protective in some instances. Our population-based smoking 
data revealed that higher educational attainment by Hispanic 
men was associated with decreased ever-smoking, as opposed 
to the trend found in Hispanic women. The protective effect 
of education on smoking observed here confirms the results 
of other studies in the United States25,32,33 and Mexico.30 In our 
TABLE 4.  Smoking Prevalence and Odds Ratios among Hispanics by Measures of Individual-Level Socioeconomic Status and 
Acculturation, 2001 California Health Interview Survey 
Characteristic
Ever-Smoker  
na %b
Unadjusted Odds 
Ratio (95% CI)
Adjustedc Odds  
Ratio (95% CI)
Hispanic women (N = 6894) 1650 20.8
 Age, yrs
  < 29 262 15.5 1.00 1.00
  30–39 429 17.7 1.18 (0.96–1.45) 1.51 (1.23–1.86)d 
  40–49 444 26.4 1.96 (1.56–2.46)d 2.45 (1.96–3.07)d 
  > 50 515 27.9 2.11 (1.68–2.65)d 2.43 (1.94–3.03)d 
 Education
  < 12 years 491 17.2 1.00 1.00
  > 12 years 1159 24.8 1.59 (1.35–1.87)d 1.17 (0.95–1.45)
 Household income
  < 100% of federal poverty level 453 17.9 1.00 1.00
  > 100% federal poverty level 1197 22.7 1.34 (1.11–1.62)d 0.91 (0.75–1.11)
 Household language
  Non-English language 296 13.0 1.00 1.00
  English 1354 25.0 2.23 (1.82–2.73)d 1.42 (1.11–1.81)d
 Nativity
  Foreign-born 666 14.7 1.00 1.00
  U.S.-born 984 31.7 2.69 (2.31–3.13)d 2.37 (1.99– 2.83)d
Hispanic Men (N = 4922) 2274 44.9
 Age, yrs
  < 29 427 30.5 1.00 1.00
  30–39 617 47.3 2.04 (1.64–2.53)d 2.05 (1.64–2.56)d 
  40–49 554 52.5 2.51 (1.98–3.19)d 2.46 (1.92–3.14)d 
  > 50 676 63.0 3.88 (3.04–4.95)d 3.67 (2.87–4.07)d 
 Education, yrs
  < 12 952 50.8 1.00 1.00
  > 12 1322 39.2 0.63 (0.53–0.74)d 0.66 (0.54–0.80)d 
 Household income
 < 100% of federal poverty level 507 46.4 1.00 1.00
 > 100% federal poverty level 1767 44.3 0.92 (0.77–1.09) 0.91 (0.76–1.08)
 Household languagee
  NonEnglish language 576 46.0 1.00 1.00
  English 1697 44.5 0.94 (0.79–1.12) 1.04 (0.85–1.27)
 Nativitye
  Foreign-born 1297 45.3 1.00 1.00
  U.S.-born 976 44.2 0.96 (0.82–1.13) 1.25 (1.03–1.52)d 
aThe numbers of ever-smokers were determined from unweighted survey data.
bThe percentages of ever-smokers were weighted to 2001 California population estimates to adjust for the complex survey design of the California Health Interview Survey.
cAdjusted for age, education, income, household language, and nativity.
dStatistically significant odds ratio (p < 0.05).
eOnly the following variables had any missing data, (household language, Hispanic men, n = 1) and (nativity, Hispanic men, n = 1).
CI, confidence interval.
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study, household income, another SES measure, was not asso-
ciated with rates of ever-smoking for Hispanic men. greater 
exposure to occupational carcinogens among those with lower 
nSES34 may also diminish the positive effect of nSES on lung 
cancer incidence, particularly among Hispanic men. Overall, 
the positive nSES gradient in NSCLC incidence seen among 
Hispanic men was based on relatively weaker and mixed 
associations.
In addition, the positive nSES gradient seen among 
Hispanic men may be a phenomenon that is waning over time. 
When stratified by age, only linear trends were significantly 
positive for older age groups among Hispanic men with 
increasing nSES. Indeed, smoking rates have declined 
overall with successive cohorts of Hispanic men in the 
United States, with a larger decrease found among Hispanic 
men with at least a high-school education.35 Thus, better 
educational attainment and younger age may both contribute 
to the diminishing positive effect of nSES on NSCLC 
incidence among Hispanic men. This mimics the overall 
trend seen in the United States and Western Europe, where 
cigarette smoking was previously more common among the 
professional class before World War II.8 In contrast, smoking 
rates among Hispanic women did not decline with successive 
birth cohorts of those born in 1906 to 1967,35 consistent with 
our findings of a strong positive effect of nSES on NSCLC 
incidence among Hispanic women across all age groups. 
It will be important to follow future trends to see whether 
the positive nSES gradient among Hispanic men changes 
direction to an inverse gradient, as seen in other populations, 
and to see what will happen to the positive nSES gradient 
with lung cancer incidence among Hispanic women.
Our study has several key strengths. This is the first 
study, to our knowledge, to specifically examine the simulta-
neous effects of race or ethnicity and nSES in a large, multi-
racial, and population-based series of NSCLC cases only. It is 
the first to examine the effect of nSES and NSCLC incidence 
stratified by age, stage, and histology. We also examined the 
effects of both individual-level SES and acculturation on 
smoking prevalence, and demonstrated the relative impor-
tance of acculturation on tobacco use among California 
Hispanics.
Our study also has several limitations. First, we used a 
census tract-level measure of nSES as a surrogate marker of 
individual–level SES. The correct interpretation of our nSES 
measure is as an undefined combination of area-based and 
contextual influences of SES. Although nSES is not a proxy 
for each person’s individual-level SES, this index of nSES is 
of sufficient quality to highlight important health disparities 
for multiple cancers.10–13,36 We also used 2000 U.S. Census 
data to characterize our incidence rate denominators because 
detailed demographic characteristics such as nSES are most 
accurate for decennial census years. To minimize error in the 
population denominators because of migration and change 
over time, we limited the study period to the 5 pericensal years 
(i.e., 2 years before and 2 years after the census year).
Second, the NSCLC incidence patterns we observed 
in California may not be generalizable to all U.S. Hispanics. 
Specifically, more than 80% of Hispanics in California are 
of Mexican origin28 and approximately 60% of Hispanics in 
the United States are of Mexican origin.37 Perez-Stable et al.38 
found that smoking rates and patterns among Hispanics in the 
United States differ by country of origin. Thus, our results best 
reflect the experience of Mexican Americans in California.
Third, we used population-based smoking data from 
2001 to help us interpret our findings. given the long lag 
time between smoking and development of lung cancer, 
smoking behaviors of California Hispanics in 2001 may not 
accurately represent the tobacco use of our NSCLC cases. 
To better approximate previous tobacco use, we chose to 
study ever-smoking rates, which included both current and 
former smokers. Furthermore, two older studies of smoking 
patterns among California Hispanics found that acculturation 
was associated with increased current smoking in Hispanic 
women, and was negatively associated or not associated with 
current smoking in Hispanic men,39,40 similar to our 2001 
CHIS results.
In conclusion, our study highlights clinically relevant 
socioeconomic disparities in NSCLC incidence in California. 
The associations between higher acculturation and higher rates 
of ever-smoking, and between higher nSES and higher rates 
of NSCLC for Hispanics, particularly Hispanic women, are 
especially worrisome, given that Hispanics are the largest and 
fastest-growing minority group in the United States.41 Tailored 
smoking-cessation interventions are needed for this group. In 
fact, third-generation Hispanics and those with good English-
language proficiency are less likely to have made an attempt 
to quit compared with first- or second-generation Hispanics.42 
Dedicated research on reasons for not quitting, among this 
more acculturated and educated group, are needed. Despite 
their lower quit rate, highly acculturated Hispanics are more 
likely to use nicotine-replacement therapies when compared 
with Hispanics in general.43 But for all Hispanics, there still 
remains a cultural emphasis on personal responsibility and sole 
reliance on will power when quitting.44 It will be important to 
revisit the relationship of nSES gradient and NSCLC incidence 
among Hispanics at future timepoints to see whether it changes 
as beliefs about tobacco use evolve and occupational or 
environmental exposures change with continued immigration 
and acculturation. In fact, the role of acculturation and nativity 
may play a larger role on NSCLC incidence among Hispanics, 
given the stronger relationship to smoking rates. Future studies 
focusing on the impact of acculturation and nativity on NSCLC 
incidence rates among Hispanics in California will be crucial to 
ongoing tobacco-control efforts.
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